The formation of stable equimolar complexes of streptokinase or plasminogen with muscle lactate dehydrogenase or pyruvate kinase, heart mitochondrial malate dehydrogenase and hepatic catalase at pH 7.4, 3.0 and 10.0 was first detected by differential spectroscopy methods. All complexes, except those of plasminogen with dehydrogenases, were resistant to 6 M urea. Judging from circular dichroism spectra, tertiary and secondary structures were considerably changed in the complexes. These changes were significantly dependent upon the nature of interacting proteins; in some cases their structures were more ordered. NAD (but not NADH) hampered the formation of streptokinase complexes with dehydrogenases. The plasminogen--activating function of streptokinase and the ability of plasminogen to be activated by streptokinase in the complexes with oxidoreductases were essentially unchanged. Pyruvate kinase induced a moderate (by 35%) increase in the streptokinase activating function. It is assumed that the formation of complexes of streptokinase or plasminogen with enzymes may serve as a link in metabolic regulation and/or intercellular interactions.
INTRODUCTION
The discovery of plasminogen (Pg) specific receptors on several cell membranes, as well as the very important role of plasmin (P) in the metastatic spreading of tumors [1, 2] , stipulates the necessity to understand the significance of Pg for the realization of series of physiological and pathological processes at the cellular level as well as the regulatory mechanisms of zymogen activation. Streptokinase (SK), a protein of B-hemolytic sla'eptococci, is one of the most efficient Pg activators. It is assumed [3] that the Pg activation is catalyzed not by SK, which possesses hydrolase activity, but by an SK-P(g) equimolar complex. The point of view that SK-antibodies and * To whom correspondence should be addressed.
Pg are only protein ligands for stable complex formation with SK, held an important position among possible reasons for such a hypothesis of Pg activation by SK. Further, the formation of 'SK-lipoprotein A' and 'SK-M-subunits of lactate dehydrogenase' complexes was described [4, 5] . The formation of an SK-lipoproteih A complex leads to a decrease in Pg activation. Recently, we detected formation of equimolar SK as well as Pg complexes with native rabbit muscle lactate dehydrogenase (LDH, EC 1.1.1.27), bovine heart mitochondria malate dehydrogenase (MDH, EC 1.1.1.37), bovine liver catalase (EC 1.11.1.16) and rabbit muscle pyruvate kinase (PK, EC 2.7.1.40). Based on these data, we deemed it important to study the stability and conformational and functional properties of such com-plexes. In the present study, we investigate the effects of solution properties on formation of SK or Pg complexes with enzymes, and the characteristics of their secondary and tertiary structures and Pg activation.
MATERIALS AND METHODS
Purified samples of rabbit muscle LDH and PK, bovine heart mitochondria MDH, and bovine liver catalase (Reanal, Budapest, Hungary) were used in our experiments. The human Pg samples were prepared from a B-globulin enriched fraction by affinity chromatography on lysine-Sepharose; SK was isolated from the 'Celyase' drug (Belarus) by column chromatography with Blue Agarose. The methods of purification of the proteins, their indication of homogeneity, activity and their characteristics were described in our previous papers [8, 9] . We also used Sepharose 4B CNBr (Pharmacia, Uppsala, Sweden), lysine, NADH, NAD and reagents for electrophoresis on polyacrylamide gel (Reanal). The other reagents were of the highest commercially available grade.
The formation of complexes was monitored by differential spectroscopy using a Specord M40 spectrophotometer at 25 ~ and pH 7.4 (0.06 M Naphosphate buffer), pH 3.0 (0.2 M acetate buffer), or pH 10.0 (0.2 M NaOH-borate buffer) as described previously [8] ; the concentration of proteins was 10 -6 M or 2.5x 10 -5 M. Circular dichroism spectra were recorded on a Jasco-20 spectropolarimeter. The spectral simulation and spectral parameters were described in previous papers [8, 9] . Protein concentration in solutions was determined spectrophotometrically according to the absorbance of aqueous solu-1% . 8.8 (SK), 17.0 (Pg), tions at 280 nm, taking A 1 cm" 12.0 (LDH), 2.5 (MDH), 15.8 (276 nm, catalase) and 5.4 (PK) [8, [10] [11] [12] [13] . The Pg-activating function of the complexes was analysed by the Pg-containing fibrin plate lysis method, and the ability of SK to activate the Pg-enzyme complexes was studied on fibrin plates, which were preliminarily UV irradiated to inactivate fibrin-bound Pg. These methods were described in a previous paper [ 14] . All studies were repeated at least four times. , heart mitochondrial malate dehydrogenase (2), hepatic catalase (3), and muscle pyruvate kinase (4) . In all cases the solvent was 0.06 M phosphate buffer, pH 7.4, the final concentration of the proteins was 10 -6 M, the temperature was 25 ~
RESULTS AND DISCUSSION
Mixing SK solutions with the enzymes resulted in the formation of differential spectra, the character of which was dependent on the interacting proteins ( Fig. t ; Table 1 ). This indicates the changes in protein chromophore surroundings as the result of SK-enzyme complex formation.The form and amplitude of differential spectra did not change significantly within 30 min. Judging from the spectra, a pH shift or addition of 6 M urea did not influence complex formation. Consequently, SK--enzyme complexes appear more stable than SK-Pg ones. As will be demonstrated below, this is true for Pgcatalase (or PK) complexes too. These facts and the
~. hypsochromic position of the spectrum extremum were the principal differences in the considered complexes from the SK-Pg ones, which were not formed at pH shift and in the presence of urea [8] .
The cause of the hypsochromic position in the differential spectrum extremum of the SK-enzyme complexes may be due to the transposition of protein chromophore groups into a more polar environment, as a consequence of rhinor local conformational changes of chromophore-containing sites. A more detailed analysis of this phenomenon was presented in our previous paper [7] .
The interaction of tissue enzymes and human Pg in equimolar concentrations was accompanied by formation of Pg-enzyme complex at pH 7.4, 10.0 and 3.0 ( Fig. 1; Table 2 ). As a rule, the spectrum specificity was characterize d by more band width and a more hypsochromic position of their extrema. Judging from the spectra, urea did not prevent the formation of zymogen complexes with catalase and PK. However, the state of the chromophore groups in these conditions of protein interactions in principle differed from that in the phosphate buffer. Since the differential spectra were not detected in any case between 310-330 nm, and in the Sore bands (in the experiments with catalase), it is suggested that the changes of chromophores in the complexes were not due to the formation of 'crude' protein aggregates and that heme groups were not affected during the interactions with catalase.
The complexes of SK with dehydrogenases were formed in the presence of NADH (molar ratio NADH:dehydrogenases 2:1), while in the presence of NAD such complexes did not appear. Perhaps a number of cofactors and intermediates exert regulatory influence on the formation of these complexes. This circumstance is rather surprising because, as shown above, the complexes are resistant to the effects of some extreme factors. It is interesting that NAD (but not NADH) strongly inhibits the Pg-activating function of SK [15] . The formation of SK-enzyme or Pg-enzyme equimolar complexes led to changes in the circular dichroism spectra in the far and near UV regions (Table 3) . Comparing experimental and theoretical molar ellipticity values leads to the conclusion that in SK-enzyme complexes secondary and in some cases tertiary protein structures are changed. On the other hand, the ordering of SK and/or enzyme structures in the complexes is very probable. In such cases the circular dichroism spectra changes of Pg-enzyme complexes are larger. We can suppose more ordered secondary structures for complexes of Pg with LDH and catalase, whereas chromophore-surrounding asymmetry (tertiary structure) is significantly changed in Pg complexes with MDH and pyruvate kinase. The formation of SK or Pg complexes with enzymes does not influence the Pg-activating function of SK or the ability of Pg-enzyme complexes to be activated by SK (Table 4) , with the exception of the SK-PK complex, possessing a higher activating capability.
CONCLUSIONS
SK and Pg are able to form extremely stable equimolar comploxes with oxidoreductases and PK. These complexes are considerably more stable than SK-Pg complexes. As it turned out, in many cases a sharp shift of solvent pH or urea additions were ineffective as complex-destroying factors. Only during the formation of Pg-dehydrogenase complexes the participation of broken hydrogen bonds (due to the presence of urea) could be assumed. Perhaps, hydrogen bonds are essential in the rest of the studied cases of SK or Pg interactions with enzymes. It is known that hydrogen bonds between tyrosine residues are very stable [16] . Nevertheless, the nature of protein macromolecules interactions remains not quite clear, and calls for further profound studies. We cannot explain the Pg-enzyme complex formation entirely by a state of zymogen lysine-binding sites. In the opinion of Podlasek and McPherson [4] , the formation of a stable SK-M-subunit of LDH complex is due to the presence of a homology region between Pg and the M-subunit of LDH in their polypeptide chains. In such a case, our presentation can indicate the existence of similar homology in MDH, catalase and PK molecules as well. However, this does not explain the larger stability of SK-enzyme complexes in comparison with SK-Pg ones. One thing is clear: SK is able to form complexes with a number of proteins, but not Pg only. The spectroscopy results indicate the essential changes of secondary and tertiary structures of protein molecules in complexes. It may be assumed that in a number of cases the structures become more rigid. However, these structural transformations practically do not affect zymogen and SK functional properties (except the SK-PK interaction). At present, we still do not have information on changes in catalytic properties of the enzymes in such complexes. This research is only now being started. But the question on biochemical function of the mentioned complexes and their role in biosystems is absolutely legitimate. Since Pg receptors exist on different cell membranes [I] and pathogenic microorganisms [17] , the complex formarion (probably regulated by metabolites) of zymogen with tissue enzymes may be an intermediate link in metabolism regulation and/or intercellular interactions. Until now the nature of membrane P(g) receptors remains unclear. Perhaps some cellular enzyme molecules can play the role of such receptors? We think that extensive and diverse investigations are necessary.
